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requires accurate analysis and optimizations at all levels of abstraction in order to meet the 
specifications. In this paper, we describe techniques for estimation of the supply voltage 
variations that can be used in the design of the power delive ... 

3 £uture.pMermanj?e^ 
Dennis Sylvester, Himanshu Kaul 

June 2001 Proceedings of the 38th conference on Design automation 
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Full text available: ^p„dfC252,60.KBj Additional Information: MLsMtion, abstract, references, citings, index 

We highlight several fundamental challenges to designing high-performance integrated 
circuits in nanometer-scale technologies (i.e. draRita Glover, EDA Today, L.C.wn feature 
sizes< 100 nm). Dynamic power scaling trends lead to major packaging problems. To 
alleviate these concerns, tMarc Halpernhermal monitoring and feedback mechanisms can 
limit worst-case dissipation and reduce costs. Furthermore, a flexible multi-Vdd + multi-Vth 
+ re-sizing approach is advocated to leverage the inherent pr ... 

developments 

March 1 1 979 ACM SIGNUM Newsletter, volume 14 issue l 
Full text available: fidf(5.02 MB) Additional Information: lull citation 




5 Pnwer„grid^^ 
analysis 

Sanjay Pant, David Blaauw, Vladimir Zolotov, Savithri Sundareswaran, Rajendran Panda 
June 2004 Proceedings of the 41st annual conference on Design automation 

Full text available: ^ j|pdf(312.28 KB? Additional Information: full citation, abstract, references , index terms 

Power supply integrity analysis is critical in modern high perfor-mance designs. In this 
paper, we propose a stochastic approach to obtain statistical information about the 
collective IR and Ldl/dt drop in a power supply network. The currents drawn from the 
power grid by the blocks in a design are modelled as stochastic processes and their 
statistical information is extracted, including correlation infor-mation between blocks in both 
space and time. We then propose a method to propagate the stat ... 

Keywords: IR drop, Ldi/dt, power supply networks 



Power disMM.om 

Brian W. Amick, Claude R. Gauthier, Dean Liu 

June 2002 Proceedings of the 39th conference on Design automation 

Full text available: ^pdff515.95 KB) Additional Information: full citation, abstract, references, index terms 

The power delivery network is made up of passive elements in the distribution network, as 
well as the active transistor loads. A chip typically has three types of power supplies that 
require attention: core, I/O, and analog. Core circuits consist of digital circuits and have the 
largest current demand. In addition to all of the system issues/models for the core, 
modeling the I/O subsystem has the additional requirement of modeling return paths and 
discontinuities. The analog circuits present yet ... 

Keywords: VLSI power distribution, analog and I/O power delivery, high speed 
microprocessor design, inductance 
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John Eyles, Steven Molnar, John Poulton, Trey Greer, Anselmo Lastra, Nick England, Lee 
Westover 
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Power, buffering and open source; A fast algorithm for,p^ 
Jaskirat Singh, Sachin S. Sapatnekar 

April 2005 Proceedings of the 2005 international symposium on physical design 

Full text available: ^ pdf(232.25 KB) Additional Information: full citation, abstract , references' , index terms 

This paper presents an efficient heuristic algorithm to design a power distribution network 
of a chip by employing a successive partitioning and grid refinement scheme. In an iterative 
procedure, the chip area is recursively bipartitioned, and the wire pitches and the wire 
widths of the power grid in the partitions are repeatedly adjusted to meet the voltage drop 
and current density specifications. By using the macromodels of the power grid constructed 
in the previous levels of partitioning, the ... 

Keywords: bipartitioning, locality, macromodel, optimization, power grid design, wire pitch 



9 Energy and thermal-aware design: Compact thermal modeling for temperature-aware g§ 
design 

Wei Huang, Mircea R. Stan, Kevin Skadron, Karthik Sankaranarayanan, Shougata Ghosh, 
Sivakumar Velusam 

June 2004 Proceedings of the 41st annual conference on Design automation 

Full text available: *| | odf(341.65 KB? Additional Information: full citation, abstract, references, index terms 

Thermal design in sub-lOOnm technologies is one of the major challenges to the CAD 
community. In this paper, we first introduce the idea of temperature-aware design. We 
then propose a compact thermal model which can be integrated with modern CAD tools to 
achieve a temperature-aware design methodology. Finally, we use the compact thermal 
model in a case study of microprocessor design to show the importance of using 
temperature as a guideline for the design. Results from our thermal model s ... 

Keywords: leakage, power-aware desig"n, reliability, temperature-aware computing, 
temperature-aware design, thermal model 




10 Power Grid and Signal integrity Analysis: Scaling trends of on-chip Power distribution Q 
. noise 

Andrey V. Mezhiba, Eby G. Friedman 

April 2002 Proceedings of the 2002 international workshop on System-level 
interconnect prediction 

Full text available* ffipdffHO 79 KB) Additional Information: full citation, abstract, references, citings, index 
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The design of power distribution networks in high performance integrated circuits has 
become significantly more challenging with recent advances in process technology. As on- 
chip currents exceed tens of amperes and circuit clock periods are reduced well below a 
nanosecond, the signal integrity of the on-chip power supply has become a primary concern 
in integrated circuit design. The existing work on power distribution noise scaling is 
reviewed and extended to include the scaling of the inductanc ... 

Keywords: power distribution, power supply noise, technology scaling 
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Luca Benini, Giovanni de Micheli 

April 2000 ACM Transactions on Design Automation of Electronic Systems (TODAES), 

Volume 5 Issue 2 

Full text available: <ffi odf(385.22 KB) Additlonal ,nformation: MlcitetioQ, abstract, references, citings, index 

"* terms 

This tutorial surveys design methods for energy-efficient system-level design. We consider 
electronic sytems consisting of a hardware platform and software layers. We consider the 
three major constituents of hardware that consume energy, namely computation, 
communication, and storage units, and we review methods of reducing their energy 
consumption. We also study models for analyzing the energy cost of software, and methods 
for energy-efficient software design and compilation. This survery ... 

12 On the impact of on-chip inductance on signal nets under the influence of power grid 
noise 

T. Chen 

March 2001 Proceedings of the conference on Design, automation and test in Europe 

Full text available: sdf(5.04 MB) Additional Information: Kill citation, references, index terms 
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Min Zhao, Yuhong Fu, Vladimir Zolotov, Savithri Sundareswaran, Rajendran Panda 
June 2004 Proceedings of the 41st annual conference on Design automation 

Full text available: ^pdf£20Z2LKBj Additional Information: Ml cjtatiQfl, abstract, references, index tejms 

Power delivery networks of VLSI chips require adequate input supply connections to ensure 
reliable performance. This paper addresses the problem of finding an optimum set of pads, 
pins, and on-chip voltage regulators, and their placement in a given power supply network, 
subject to constraints on the voltage drops in the network and maximum currents through 
the pads, pins and regulators. The problem is modeled as a mixed integer linear program 
using macromodeling techniques and several heuristic ... 

Keywords: pad optimization, pad placement 



14 Low Power Design: Power and CAD considerations for the 1 ,75mbvte. 1 .2ghz L2 
cache.on.the aipha.21^M.CPU. 

Joel Grodstein, Rachid Rayess, Tad Truex, Linda Shattuck, Sue Lowell, Dan Bailey, David 
Bertucci, Gabriel Bischoff, Daniel Dever, Mike Gowan, Roy Lane, Brian Lilly, Krishna Nagalla, 
Rahul Shah, Emily Shriver, Shi-Huang Yin, Shannon Morton 
April 2002 Proceedings of the 12th ACM Great Lakes symposium on VLSI 

Full text available: "g pdf(205.76 KB) Additional Information: full citation, abstract, references , index terms 

A 1.75 MByte L2 cache has been designed and fabricated as part of the Alpha 21364 
microprocessor[l] (Figure 1), in a .18m bulk CMOS process. The cache was designed to run 
at 1.2 GHz, and pass-1 samples confirm this. While Alpha CPUs are known primarily for 
high speed, the combination of package constraints and a tight schedule forced careful 
attention to the integrated whole of power expenditure and the interaction of CAD with 
design. The cache consumes only 7% of total die power. 

Keywords: CPU, cache memory, logic verification, low-power, timing verification 
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15 On-chip jndurt^ | 
David Blaauw, Kaushik Gala, Vladimir Zolotov, Rajendran Panda, Junfeng Wang 

March 2000 Proceedings of the 10th Great Lakes symposium on VLSI 

Full text available' f ^Ddf<576.07 KB^ Additional Information: fall citation, abstrscL references , elfins ioriffli 
* terms. 

With operating frequencies approaching the gigahertz range, inductance is becoming an 
increasingly important consideration in the design and analysis of on-chip interconnect. We 
present an accurate technique for modeling and analyzing the effects of parasitic inductance 
on power grid noise, signal delay and crosstalk. We propose a detailed circuit model 
composed of interconnect resistance, inductance and distributed capacitance, device 
decoupling capacitances, quiescent activity in the grid, ... 

16 Challenges and design choices in nanoscale CMOS | 
Siva G. Narendra 

March 2005 ACM Journal on Emerging Technologies in Computing Systems (JETC), 

Volume 1 Issue 1 

Full text available: *g] pdf(5.35 MB) Additional Information: full citation, abstract, references , index terms 

The driving force for the semiconductor industry growth has been the elegant scaling nature 
of CMOS technology. In this article, we will first review the history of technology scaling 
that follows Moore's law from the prespective of microprocessor designs. Challenges to 
continue the historical scaling trends will be highlighted and design choices to address two 
specific challenges, process variation and leakage power, will be discussed. In nanoscale 
CMOS technology generations, supply and thresh ... 

Keywords: CMOS, leakage power, nanoscale, process variation 
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April 1999 Proceedings of the 1999 international symposium on Physical design 
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Shen Lin, Norman Chang 

November 2001 Proceedings of the 2001 IEEE/ACM international conference on 
Computer-aided design 

Full text available: Wpdf(54.74 KBl Additional Information: full citation, abstract , references , citings, index 
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With the advance of semiconductor manufacturing, EDA, and VLSI design technologies, 
circuits with increasingly higher speed are being integrated at an increasingly higher 
density. This trend causes correspondingly larger voltage fluctuations in the on-chip power 
distribution network due to IR-drop, L di/dt noise, or LC resonance. Therefore, Power- 
Ground integrity becomes a serious challenge in designing future high-performance circuits. 
In this paper, we will introduce Powers-Ground integrity, ad ... 

19 Power arid design and analysis techniques: Efficient power/ground network analysis 
for power integrity-driven design methodology 
Su-Wei Wu, Yao-Wen Chang 

June 2004 Proceedings of the 41st annual conference on Design automation 

Full text available: ffipdfQ77JJi.KBJ Additional Information: Ml citation, abstract references, iodextemis 
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As technology advances, the metal width is decreasing with the length increasing, making 
the resistance along the power line increase substantially. Together with the nonlinear 
scaling of the threshold voltage that makes the ratio of the threshold voltage to the supply 
voltage rise, the voltage (IR) drop become a serious problem in modern VLSI design. 
Traditional power/ground (P/G) network analysis methods are typically very 
computationally expensive and thus not feasible to be integrated into f ... 

Keywords: footnotesize floorplanning, power/ground network 



20 Highlights of 1SSCC and the design of state-of-the-art microprocessors: A 1.5GHz third Q 

S§nerMionJ^ 

Jason Stinson, Stefan Rusu 

June 2003 Proceedings of the 40th conference on Design automation 

Full text available; * g]pdff403.60 KB) Additional Information: full citation, abstract, references, index terms 

This 130nm Itanium® 2 processor implements the Explicitly Parallel Instruction Computing 
(EPIC) architecture and features an on-die 6MB, 24-way set associative L3 cache. The 
374mm2 die contains 410M transistors and is implemented in a dual-Vt process with 6 
layers copper interconnect and FSG dielectric. The processor runs at 1.5GHz at 1.3V and 
dissipates a maximum of 130W. This paper reviews circuit design and package details, 
power delivery, RAS, DFT and DFM features, as well as an overvie ... 

Keywords: design methodology, on-die cache, processor, reliability, test 
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